O R I G I N A L A R T I C L E
omputerized videokeratography (corneal topography) emerged as an important complementary examination in ophthalmology. With the popularity of refractive surgery using excimer laser ablation in the 1990s, corneal topography became an essential tool to identify preoperative patterns that would indicate a less favorable prognosis and risk of postoperative corneal ectasia. [1] [2] [3] [4] [5] [6] Specifi c indices to detect corneal abnormalities were developed by Maeda et al. 7, 8 and Rabinowitz. 9 In these cases, subjective analysis of the topography by the investigator to determine topographic pattern combined with patient-specifi c clinical information defi ned the diagnoses.
In 2008, the Ectasia Risk Scoring System (ERSS) was published by Randleman et al. 10 based on a retrospective case-control study that evaluated Placido-based corneal topography, central corneal thickness, the degree of preoperative myopia, residual stromal bed thickness, and patient age in a weighted fashion. As part of the ERSS, a topographic pattern scoring system was also defi ned. This study and a follow-up validation C ABSTRACT PURPOSE: To evaluate the variability of subjective corneal topography map classifi cation between different experienced examiners and the impact of changing from an absolute to a normative scale on the classifi cations.
METHODS:
Preoperative axial curvature maps using Scheimpfl ug imaging obtained with the Pentacam HR (Oculus Optikgeräte, Wetzlar, Germany) and clinical parameters were sent to 11 corneal topography specialists for subjective classifi cation according to the Ectasia Risk Scoring System. The study population included two groups: 11 eyes that developed ectasia after LASIK and 14 eyes that had successful and stable LASIK outcomes. Each case was fi rst reviewed using the absolute scale masked to the patient group. After 3 months, the same cases were represented using a normative scale and reviewed again by the same examiners for new classifi cations masked to the patient group.
RESULTS:
Using the absolute scale, 17 of 25 (68%) cases had variations on the classifi cations from 0 to 4 for the same eye across examiners, and the overall agreement with the mode was 60%. Using the normative scale, the classifi cations from 11 of 25 (44%) cases varied from 0 to 4 for the same eye across examiners, and the overall agreement with the mode was 61%. Eight examiners (73%) reported statistically higher scores (P < .05) when using the normative scale. Considering all 550 topographic analyses (25 cases, 11 examiners, and two scales), the same classifi cation from the two scales was reported for 121 case pairs (44%).
CONCLUSION:
There was signifi cant inter-observer variability in the subjective classifi cations using the same scale, and signifi cant intra-observer variability between scales. Changing from an absolute to a normative scale increased the scores on the classifi cations by the same examiner, but signifi cant inter-observer variability in the subjective interpretation of the maps still persisted. Subjective Classifications of Corneal Topography Maps/Ramos et al study by Randleman et al. 11 confi rmed abnormal preoperative topography as the most signifi cant predictive variable. However, the ERSS had a false-negative rate of 4% to 8% and a false-positive rate of 6%. 10, 11 Other studies have reported relatively high false-negative rates, 12 but a higher number of false-positive results has been reported. In addition, lower true positive rates were also reported, 13, 14 although none of these publications included patient topographies for review or analysis.
The purpose of this study was to evaluate variability of corneal topographic pattern scores generated from the Scheimpfl ug images obtained with the Pentacam HR (Oculus Optikgeräte, Wetzlar, Germany) based on ERSS criteria among a group of experienced examiners using two separate color-coded scales (0.5 and 1.5 diopters [D]), using two groups of patients who did and did not develop postoperative corneal ectasia after LASIK with examiners blind to patient outcomes.
PATIENTS AND METHODS
Eleven eyes that developed ectasia after LASIK and 14 eyes with stable LASIK outcomes (follow-up > 18 months; mean: 19.8 months, range: 18 to 28 months) were selected for this study. The preoperative axial (or sagittal) curvature map of each case was obtained from corneal tomography (Pentacam HR). All examinations showed high rates of quality, including quality approval by the instrument software (quality specification). These maps and the clinical parameters (age, manifest refraction, visual acuity, central corneal thickness, and predicted residual stromal bed) were sent to 11 corneal topography specialists for masked subjective classifi cation accordingly to the ERSS (0 = normal or symmetric bowtie; 1 = asymmetric bowtie; 3 = inferior steepening pattern or skewed radial axis; 4 = abnormal topography). Each case was fi rst sent using the absolute Smolek-Klyce 1.5 D scale and then resent to the same examiners after a period of 3 months for a new classifi cation using a 0.5 D normative scale (Figures 1-2 ) in a masked fashion.
Statistical analyses were performed using the Wilcoxon signed rank and Kruskal-Wallis tests to compare the differences between the examiners using the same scale and to compare the differences between the two scales by the same examiner.
RESULTS
In the fi rst evaluation with the absolute 1.5 D scale, the variation of classifi cations from 0 to 4 across the examiners was observed in 17 to 25 cases (68%). The average agreement with the mode (number of examiners who choose the same classifi cation as the mode [the value that appears most often in a set of data] in each case) was 60% among all cases (ranging from 36% to 100%). Only one case had 100% of agreement among all examiners ( Table 1) .
In the second evaluation with the normative 0.5 D scale, 11 of 25 cases (44%) had a classifi cation variation from 0 to 4 across examiners. The average agreement with the mode was 61% among all cases (ranging from 45% to 91%). None of the cases had 100% agreement among all examiners ( Table 1 
DISCUSSION
This study assessed the variability of subjective assessment of corneal topographic pattern in 11 eyes that developed ectasia after LASIK and 14 eyes that underwent LASIK and were stable, as judged by experienced reviewers not informed of the patient outcomes during the review. The results demonstrate great variability of these subjective topographic classifi cations among and between examiners for both the normative 0.5 D and the American National Standards Institute standard absolute 1.5 D color scales.
The development of computerized corneal topography from the 1990s is closely linked to advances in corneal refractive surgery. 15 This topic has gained signifi cant importance since the fi rst reports of postoperative corneal ectasia, 16, 17 and subsequent reported cases considered to be without preoperative risk factors for ectasia. 18, 19 Thereafter, subjective evaluations of corneal topography performed preoperatively in these patients started to be questioned. 17 However, despite the emergence of new tests for the characterization of the cornea, [20] [21] [22] including anterior segment tomography, [23] [24] [25] [26] [27] epithelial thickness profi les, [28] [29] [30] [31] and direct biomechanical measurements, 19, 32, 33 the correct Subjective Classifications of Corneal Topography Maps/Ramos et al subjective evaluation of topographic patterns is still essential in the preoperative assessment of refractive surgery candidates. 34 Retrospective studies involving careful evaluation of the preoperative corneal topography of patients who developed ectasia after LASIK have been performed. 18, 35, 36 Clinical parameters have been analyzed together to quantify the risk for developing ectasia in these eyes. However, it is important to emphasize that the subjective nature of the retrospective analysis becomes even more clouded when the reviewer knows the patient's diagnosis and outcome. As hypothesized, changing the color scale from a 1.5 D step to a 0.5 D step scale had a signifi cant im- The signifi cant variability in grading of corneal topography patterns by experienced topography readers reported herein highlights the challenge that faces refractive surgeons who are evaluating patients as candidates for LASIK. Although it is often easy in retrospect to fi nd suspicious characteristics in topography maps in the eyes of patients who have developed post-LASIK ectasia, this study demonstrates why there is still some latitude in absolute determination for surgical candidacy. It is clear that not all examiners are using the same strategy for pattern evaluation, and further work on reducing the subjective variability of interpretation of corneal maps could potentially help refractive surgeons improve their ability to accurately interpret corneal topography maps. Further, the variability reported emphasizes the utility in considering a multitude of other screening parameters beyond simply the topographic pattern, whether or not it be through the use of specifi c screening systems such as the ERSS.
There was signifi cant variability on the subjective topographic classifi cations among different examiners using the same scale. The variation in score from 0 to 4 occurred in 68% (17 of 25) of eyes with the absolute scale and in 44% (11 of 25) of the cases with the normative scale along with little agreement among the examiners, demonstrating the great variability of subjective classifi cation of the topography. Wilcoxon signed rank (P)
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